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COLLAPSIBLE PACKAGE 

This invention relates to collapsible plastic tubes 
suitable for packaging pastes or liquids and relates 
particularly to such tubes incorporating an integral 
5 moulded or threaded neck. 

Collapsible tubes, for the packaging and dispensing 
of pastes such as toothpaste and liquids, such as 
shampoos, traditionally have been made by impact extrusion 
of zinc alloys, in a single piece body, 
xo More recently, these have been fabricated from 

multi-layer plastics, which involved extrusion or seam- 
welding of a tube and assembly of this to a moulding 
incorporating a threaded neck, capable of being fitted 
with a screw closure, 
15 These procedures, because they require no assembly 

step to incorporate a moulded or threaded neck, result in 
a product whose cost must reflect this step. 

Whilst conventional blow moulding procedures can 
produce tubular packages with an integral moulded or 
20 threaded neck in the one blow moulding step, the physical 
limitations of conventional blow moulding processes in 
relation to matters such as wall thickness control and 
difficulty in blow moulding multi-layer materials mean 
that conventional blow moulding processes are generally 
25 not suitable where multilayer plastics or close wall 
thickness control are required. 

It is therefore an object of this invention to 
provide a method for producing containers incorporating a 
moulded or threaded neck, which obviates or ameliorates 
30 the foregoing disadvantages. 

In US Patent 4, 288/401 there is described a process 
for forming containers from heated thermoplastic sheet 
material involving stretching the material with an array 
of fingers or blades arranged on a plunger, the fingers or 
35 blades expanding as the plunger moves into the plane of 
sheet material. This process known as cuspation-dilation 
allows accurate control of the parameters relating to the 
formation of the containers from the sheet. All 
disclosures in US patent 4,288,401 are herein incorporated 
40 by reference. 
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Applicants have now been able to modify a cuspation- 
dilation process to produce a container with an integral 
moulded neck. 

In one aspect the invention provides a method of 
5 forming a container including the steps of: 

i) heat softening a sheet of thermoplastic material; 



ii) holding the sheet; 

10 

iii) moving a stretching tool relative to the sheet so as 
to cause the tool to press against the sheet and to 
stretch the sheet; 

15 iv) moving a plurality of fingers provided on the 
stretching tool said fingers moving outwardly from 
the axis of the tool to dilate the sheet as the tool 
moves relative to the sheet to form a hollow 
container with a base; 

20 

v) providing a cavity of smaller cross section than the 
container; and 

vi) causing a portion of the base of the container to 
25 conform to the surface profile of the cavity whereby 

an integral neck is formed on the hollow container. 

In a preferred aspect of the invention, the cavity 
may comprise a closure such as a screw threaded closure. 

30 Thus as a result of the step providing for conformation of 
the container base portion, the neck will be formed with a 
screw thread complementary to the closure. 

Alternatively the cavity may comprise a mould cavity 
which is shaped to provide any of a number of features in 

35 the form of an integral neck. For example, the integral 
neck may take the form of a shaped nozzle such as a spray 
nozzle, a tube, a flared section which may act as a funnel 
or p destal, or simply an attachment feature shaped to 
facilitate the attachment of another functional member to 

40 the neck and hence the container. 
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In one embodiment the closure may itself be formed 
of more than one component. The first of these closure 
components may form the cavity wall and may simply serve 
as a means of attachment of the composite closure to the 
5 container neck. In such a case the first closure 
component may be formed of a material which readily heat 
bonds to the heated thermoplastic material of the neck as 
it is being formed within the closure. In another aspect 
the profile of the surface of the first component may be 
10 such as to mechanically lock the neck of the container in 
place. 

The conformation step may be achieved by blow 
moulding the base using the cavity or closure as the mould. 
Alternatively, the stretching tool may incorporate a 

15 push rod to press a portion of the base of the container 
into the cavity. The dimensions of the push rod relative 
to the cavity and the degree of travel of the push rod 
into the cavity can be used to control the thickness of 
the wall of the neck and also to provide a sealing portion 

20 sealing off the mouth of the neck, the sealing portion 
having a desired or controlled thickness or profile. 

Where a relatively thick neck is required, the 
conformation step may be carried out before or during the 
dilation of the sheet. This may be achieved by having the 

25 cavity move in concert with movement of the stretching 
tool. 

As the process of the invention is suitable for 
formation of containers under aseptic conditions, the 
containers with integral necks may be constructed to be 

30 suitable for a range of medical applications such as 
colostomy bags, blood sachets etc. 

In a further aspect the invention provides apparatus 
for stretch-forming a heat softened sheet of thermoplastic 
material, the apparatus comprising means to hold the sheet 

35 against substantial non-stretching movement, a stretching 
tool, and means to cause a primary movement of the 
str tching tool r lative to the sheet so as to cause the 
tool to press against the sheet and to stretch the sheet 
the stretching tool comprising at least one tip for 

40 pressing against the sheet to cause it to stretch, means 
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to dilate the sheet simultaneously with the continued 
primary movement of the stretching tool in a direction 
transverse to the direction of the primary movement of the 
tool, cavity means of reduced cross section with respect 
5 to the container formed by said dilation, and means to 
conform a portion of the sheet to the surface profile of 
the cavity. 

The conforming means may comprise a plunger adapted 
to push a portion of the sheet into the cavity. 
10 Alternatively the conforming means may comprise an 

arrangement for blow moulding a portion of the sheet to 
confirm to the surface profile of the cavity. 

The apparatus may include means for moving the 
cavity in concert with the stretching tool. 
!5 m order to assist in arriving at an understanding 

of the present invention, a preferred embodiment is 
illustrated in the attached drawings. However, it should 
be understood that the following description is 
illustrative only and should not be taken in any way as a 
20 restriction on the generality of the invention as 
described above. 

Figure 1 shows a cross-sectional view of a single 
piece collapsible tube. 

Figure 2 is a cross-sectional view at A of Figure 1. 
25 Figure 3 is a cross-sectional view at A of Figure 1, 

but showing a two piece cap. 

Figure 4 is a cross-sectional view of a single 
forming unit. 

Figure 5 is a cross-sectional view of a single piece 
30 collapsible tube. 

Figure 6 is a cross-sectional view at A of Figure 1. 
Figure 7 is a cross-sectional view of a single 
forming unit. 

Figure 8 is a cross-sectional view of the upper and 
35 lower parts of a unit forming tool. 

Figure 9 is a cross-sectional view of the upper and 
lower parts of a unit forming tool in the initial clamp 
position. 

Figure 10 is a cross-sectional view of a unit 
40 forming tool in the final formed position. 
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Figure 11 shows the product of Figure 1 with 
different threaded ends. 

Figure 12 is a cross-sectional view of the section B 

shown in Figure 11. 
5 Figure 13 is a cross-sectional view of the section A 

shown in Figure 11. 

Figure 14 is a cross-sectional view in the final 
formed position of the unit forming tool. 

Figures 1 and 3 show two versions of such a single- 
10 piece collapsible tube, one with an open end, for closure 
with a transverse heat-seal in the traditional way. The 
other with an optional rigid end flange together with a 
separate foil closure, which will be capable of standing 
on its base. 

15 Figures 1 to 3 show a collapsible tube comprising a 

thin cylindrical, tapered conical or non-cylindrical wall 
(1) which is longitudinally reinforced by evenly spaced 
thicker ribs (2), together with an integral, relatively 
thicker f rustro-conical base-end <4) and an integral 
threaded nipple with formed-in thread (5) which has a wall 
thickness similar to the base-end (4) and the nipple 
closure membrane (6). A separate end cap, (3) is supplied 
with this empty open ended tube which is then to be filled 
through the open end (11). After filling this open end is 
flattened and heat sealed transversely. All of these 
features (excepting the end cap 3.), are incorporated into 
a single piece forming, which is to be thermoformed from a 
relatively thick sheet of molten thermoplastic material, 
by the method and apparatus of Figure 4. 
30 An alternative to the single piece cap is a two 

piece cap assembly shown in Figure 3 which can also be 
included as an integral part of the collapsible package of 
the invention. In this case, the closure comprises an 
inner threaded ring 7 which is pre-assembled to an outer 
35 cap 8. The material making up the base-end 4 whilst it is 
at a formable temperatur , is then formed by the action of 
pressure into this two piece cap (7, 8) and is retained 
within the lid assembly and held from turning within or 
pulling out from the threaded ring (7), by the undercuts 9 
40 shown in the inside and at the base open end of the 



20 



25 
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threaded ring 7. The methods of applying this two piece 
cap (7, 8) to the product are the same as for applying the 
single piece cap 3 and are detailed further in this 
specification. 

5 Figure 4 shows the single forming unit of a multiple 

unit set of tooling, of typically 40 such units, used to 
form the product of the invention. In view A of Figure 4, 
a sheet of relatively thick, heat softened thermoplastic 
material (12) is clamped between a barrel cam (13) and a 
10 cavity mould (14). A plastic screw cap, (3) has already 
been placed into the mould, before clamp. At clamp, the 
sheet (12) is brought into contact with a set of forming 
blades (16), which are arranged (in the case of a product 
with cylindrical or f rustro-conical shape) with their tips 
15 in circle of initial diameter d^. 

View B. of Figure 4, shows the final position of the 
tooling after the product has been finish formed. Here, 
the shaft (21), to which the cluster of blades (16) is 
attached by means of a pivot ring (18) and a slotted boss 
20 (20), is moved to its downmost position, where the tips of 
the blades assume a final diameter of d 2 - After the 
movement of the blades is completed, pressurized air is 
introduced through the port (15) to make the bottom of the 
sheet conform to the interior surface 22 of the cavity 
25 constituted by the screw thread end cap 3. 

The final thickness of the base-end (4) and of the 
nipple (5) thus depends on the ratio of d 2 to d x and 
on the initial thickness of the sheet (12). 

The thread section of the nipple (5) is formed 
30 directly by the thread on the cap (3) which is to be 
moulded from a material which does not heat bond to the 
material of the product and which is not softened or 
distorted by contact with this hot material. Many 
possible combinations of materials for the product and the 
35 cap (3) will be known to those skilled in the art, for 
example, the product could be made from a mono or 
multilayer sheet of polypropylene and the cap from a 
higher melting point polyamide. 

Figure 5 shows a possible variation of the product, 
40 which optionally has a rigid base flange, (23) capable of 
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being closed with a heat-sealed foil or film, (24). This 
product will be capable of standing up on its end when 
filled, during use. 

A further variation to the threaded nipple 5 is also 
5 shown in Figures 5 and 6. The nipple area can be formed 
by compression moulding between the cap (3) and the rod 
(25) of Figure 7. This will enable a greater thickness of 
the nipple wall in comparison to the wall of the base-end 
(4) and will result in an internally moulded surface 
10 (26) . A further advantage will be the ability to reduce 
the thickness of the nipple closure membrane (6) in 
relation to the nipple wall and the base-end. 

The method by which this is achieved is shown in 
Figure 7, wherein a rod (25) protrudes beyond the tips of 
15 the blades (16). On initial clamp a portion of the thick, 
unstretched heat-softened sheet (12) is wrapped onto the 
relatively cooler rod end (25). As the tooling is pushed 
to its final position by the movement of the tool push rod 
shaft (21), this slug of thick material is carried by the 
20 rod end down into the threaded cap (3) and is moulded into 
the cap by compression between the cap and the rod end. 

The force with which the rod end 25 is pushed into 
the end cap 3 will determine the thickness of the nipple 
end (6). The mechanical clearance between the outer 
25 diameter of the rod (25) and the inner diameter of the end 
cap (3) will determine the wall thickness of the nipple 
and the all thickness of the base-end 4 will be primarily 
determined by the ratio of d x to d 2 and by the 
starting thickness of the sheet (12) . 
30 As can be seen in Figure 7, the starting penetration 

of the blade tips (27) into the cavity will be greater 
than for the tooling of Figure 4 in order to ensure that 
the blade action does the work of controlling the wall 
thickness distribution of the product according to the 
35 method of "cuspation dilation" forming as detailed in US 
Patent 4,288,401, which is herein incorporated by 
referenc . 

Figure 8 shows the upper and lower parts of a unit 
forming tool, in the open position. Typically a full 
40 production tool comprises many of these units operating in 
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close spacing and fitted into a common pair of opposed 
holding blocks. The tool is used to form a single piece 
collapsible tube into a screw cap which is first to be 
introduced into the mould. A typical screw cap (30) is to 
5 be inserted into a receiver (31) machined into a 
cylindrical or non-cylindrical mould (32). The mould 32 
is itself mounted on the end of a retractable shaft (33). 
A Cuspation/Dilation forming tool (34) as described in US 
Patent 4,288,401 is fitted with an extended metallic or 
10 non-metallic forming rod (35), which protrudes from the 
open end of the barrel cam (36). 

Figure 9 shows the opposed pairs of the tool in the 
closed position with a sheet of relatively thick, heat 
softened thermoplastic material, (37) clamped between the 
15 barrel cam (36) and the cavity mould (32). At clamp, the 
sheet (37) is brought into contact with blades of the 
forming tool (34), which are arranged (in the case of a 
product with cylindrical or f rustro-conical shape) with 
their tips in circle of initial diameter d x . On or soon 
20 after the initial clamp of the sheet (37) the inner part 
of the sheet is forced by the rod (35) into the open end 
of the cap (30), there to be moulded into the thread. The 
material (38) forced into thread will be at or near to the 
thickness of the starting sheet. The material (39) at the 
25 end of the rod (35) will be of another, much lesser 
thickness and the annulus of material (40) will be 
unstretched at this time, but will later become part of 
the cone end of the collapsible tube. 

Figure 10, shows the final position of the tooling 
30 after the product has been finish formed. Here, the 
forming tool (34) has been moved to its downmost position, 
where the tips of the blades assume a final diameter of 
d^. After the movement of the blades is completed, 
pressurized air is introduced through the port (41) . 
35 The final thickness of the cone-end (42) thus 

depends on the ratio of d 2 to d 1 and on the diameter 
of the rod (35), as well as on the initial thickness of 
the sheet (37). 

The advantages of this product and method 

40 manufacture are: 
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The cap can be easily placed at high speed, into a 
locating hole protruding from or flush with the top 
end of a deep cavity mould. This removes the need 
for a deep reach into the cavity mould. 

The material formed into the thread area can be very 
substantially thicker than the rest of the final 
forming ensuring security of the screw closure. 

The material forming the end seal membrane at the 
cap end, can be of any desired thickness as it is 
squeezed out whilst the material is fully molten and 
in its least viscous state. 

The material thickness of the cone end can be 
controlled independently of the thickness in any 
other part of the final tube. 



20 - The material thickness of the walls of the tube can 
also be controlled independently of that in any 
other part of the finished tube. 

Therefore the tube made with the method described 

25 above can be engineered to suit each individual 
application with minimal use of plastic material and 
manufactured in a single operation, from molten sheet, at 
high speed in a very productive, multi cavity forming tool. 
Figure 11. This shows the product of Fig. l with 

30 two different threaded ends, shown in Figures 12 and 13, 
one forming a nozzle with a very thin membrane remaining 
at its apex which can be easily punctured with a needle to 
provide for atomised spraying, or cut off further down the 
shank for the application of pastes. The end in Figure 13 

35 is formed by moulding the material in compression between 
a thread mould form or a pre-inserted lid and an 
optionally non-metallic push rod extension of the 
str tching tooling. 

The threaded end in Figure 12 is formed in com- 

40 pression b tween the mould and a shaped push rod 
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extension, which has a conical form to mould the inside 
surface. By pushing this inside form very close to the 
mould surface at the very tip of the nozzle, the thickness 
of material there can be reduced to an extremely thin 
5 membrane or possibly perforated entirely. 

The drawing also shows an optional flanged end on 
which a membrane seal may be applied after filing. 

Figure 14 shows the means by which a thread form may 
be formed onto the end of the tube of our invention. In 

10 this case the thread form is part of the movable rotatable 
mould end closure 43. When finally formed, the product 
can be removed from the mould end closure by rotating it 
with the shaft, 33 to unwind on the thread. The unwinding 
step may preferably be carried out whilst the rod-end 25 

15 remains inserted in the end cap of the product, which has 
shrunk onto the rod-end so that the product is not damaged 
by twisting during the unwinding step. 

Various alterations, modifications and/or additions 
may be introduced in the constructions and arrangements of 

20 parts previously described without departing from the 
spirit or ambit of the invention as defined by the 
appended claims. 



25 
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1. A method of forming a container including the steps 
of: 

i) heat softening a sheet of thermoplastic material; 

ii) holding said sheet; 

iii) moving a stretching tool relative to said sheet so 
as to cause said tool to press against said sheet 
ana to stretch said sheet; 

iv) moving a plurality of fingers provided on said 
15 stretching tool said fingers moving outwardly from 

the axis of said tool to dilate said sheet as said 
tool moves relative to said sheet to form a hollow 
container with a base; 

20 v) providing a cavity of smaller cross section than 
said container; and 

vi) causing a portion of said base of said container to 
conform to at least a portion of the surface profile 
25 of said cavity whereby an integral neck is formed on 

said hollow container. 

2. A method according to claim 1 wherein the cavity is 
a closure, such as a screw threaded closure, and said 

30 integral neck is formed complimentary to the cavity 
surface profile of said closure. 

3. A method according to claim 1 or 2, in which said 
closure is a composite closure formed of a plurality of 

35 components and wherein one of said plurality of components 
forms said surface profile of said cavity. 

4. A method according to claim 3, wherein said one of 
said plurality of components serves as a means of 

40 attachment of the others of said plurality of components 
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to said integral neck. 

5. A method according to claim 3 or 4 wherein said one 
of said plurality of components includes means to be 

5 mechanically locked to said integral neck. 

6. A method according to claim 5, wherein said 
mechanical locking means includes undercuts located on an 
inner surface of said one of said plurality of components 

10 such that said integral neck may be formed about said 
undercuts which prevent removal of said one of said 
plurality of components from said integral neck. 

7. A method according to any one of claims 3 to 6, 
15 wherein said one of said plurality of components includes 

an external threaded surface cooperable with another of 
said plurality of components/ for attachment thereto. 

8* A method according to any one of claims 4 to 7 
20 wherein said one of said plurality of components is formed 
of a material which readily heat bonds to said heat 
softened thermoplastic sheet of said neck as it is being 
formed within said cavity. 

25 9. A method according to claim 1, wherein said cavity 
is a mould cavity which may be shaped in any suitable 
manner to form an integral neck. 

10. A method according to claim 9, wherein said integral 
30 neck is formed as either, a spray nozzle, a tube, a flared 

section to act as a funnel or pedestal, or an attachment 
member for attachment of another member thereto. 

11. A method according to claim 9, wherein said mould 
35 cavity includes a screw thread such that said formed 

integral neck includes a screw thread complimentary to 
said mould cavity screw thread. 

12. A method according to claim 11, wherein said mould 
40 cavity is removed from about said formed integral neck by 
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rotating either of said container or said mould cavity. 

13. A method according to claim 12, wherein said cavity 
is moved in concert with said stretching tool, such that 

5 said portion of said base is pushed into said cavity 
during dilation of said thermoplastic sheet. 

14. A method .according to any one of claims 1 to 13, 
wherein said stretching tool includes a push rod to push a 

10 portion of said base into said cavity. 

15. A method according to claim 14, wherein the wall 
thickness of said integral neck is dependent on the 
clearance between the outer surface of said push rod and 

15 the inner surface of said cavity and the starting 
thickness of said thermoplastic sheet. 

16. A method according to any preceeding claim, wherein 
said integral neck includes a nipple closure membrane 

20 which extends across the opening of the integral neck to 
close that opening. 

17. Apparatus for stretch-forming a heat softened sheet 
of thermoplastic material, said apparatus including means 

25 to hold said sheet against substantial non-stretching 
movement, a stretching tool, and means to cause a primary 
movement of said stretching tool relative to the sheet so 
as to cause said tool to press against said sheet and to 
stretch said sheet, said stretching tool including at 

30 least one tip for pressing against said sheet to cause it 
to stretch, means to dilate said sheet simultaneously with 
the continued primary movement of said stretching tool in 
a direction transverse to the direction of the primary 
movement of said tool, cavity means of reduced cross 

35 section with respect to said container formed by said 
dilation, and means to conform a portion of said sheet to 
the surface profile of said cavity. 



40 



18. Apparatus according to claim 17, wherein said means 
to dilate said sheet includes a plurality of blades 
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movable in a direction substantially transverse to the 
direction of the primary movement of said stretching tool. 

19. Apparatus according to claim 17 or 18, wherein said 
5 blades pivot about a pivot ring from an initial position 

located adjacent said stretching tool to a final position 
pivoted outwardly from said stretching tool. 

20. Apparatus according to any one of claims 17 to 19, 
10 wherein said conforming means includes a plunger adapted 

to push a portion of said sheet into said cavity. 

21. Apparatus according to claim 20, wherein said blades 
include blade tips and wherein said blade tips extend to a 

15 lesser extent in the direction of primary movement of said 
stretching tool than said plunger. 

22. Apparatus according to any one of claims 17 to 21, 
wherein said conforming means includes an arrangement for 

20 blow moulding a portion of said sheet to conform to said 
surface profile of said cavity. 

23. Apparatus according to any one of claims 17 to 22 
including a first housing in the form of a barrel cam 

25 which extends about said stretching tool before the 
commencement of said primary movement, and a second 
housing in the form of a mould cavity into which said 
stretching tool extends upon said primary movement. 

30 24. Apparatus according to claim 20, wherein either of 
said first and second housings includes a port for the 
entry of pressurised fluid to effect said blow moulding. 

25. Apparatus according to any one of claims 17 to 24, 
35 wherein said apparatus includes means for moving said 

cavity in concert with said stretching tool. 

26. Apparatus according to claim 25 , wherein said means 
for moving said cavity includes a shaft connected to said 

40 cavity, which shaft is movable in the direction of 
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movement of said stretching tool. 
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27. A collapsible package manufactured in accordance 
with the method of any one of claims 1 to 16. 

5 

28. A collapsible package manufactured in accordance 
with the apparatus of any one of claims 17 to 26. 

10 
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